Asthma is a common and, in many cases, serious condition. After rapid improvement in outcomes following the introduction of the first guidelines in 1990, progress in this area has stalled. Current treatments follow a "one size fits all" approach without acknowledgement of the many different underlying disease mechanisms that drive the morbidity of asthma. Personalized medicine allows us to instead direct treatments at these specific causal mechanisms, targeting the exact pathology present in each patient. We believe that with this approach not only will we improve patient outcomes, we will also open the door to novel areas of research and drug discovery. In this article we describe where we are presently with the move towards personalized medicine in asthma, firstly explaining why we believe our current approach is insufficient, and secondly outlining in practical terms how physicians can adopt this novel approach when treating patients with asthma in clinics today. (BRN Rev. 2016;2:229-38) Corresponding author: Ian Pavord, Ian.pavord@ndm.ox.ac.uk 
INTRODUCTION
The first recorded use of the term asthma, from the Greek aazein for panting, was by Hippocrates (460-370BC). It has, over time, evolved from a symptom-based descriptor to a more specific label, encompassing symptoms, abnormality of airway function, and airway inflammation. The asthma we recognise today is characterized by episodes of shortness of breath, wheeze, and cough due to airflow limitation as a result of an increased tendency of the airway to narrow (airway hyperresponsiveness), airway mucosal inflammation, and increased airway mucus production 1 . It is a common, chronic inflammatory condition of the airways with prevalence rates ranging from 1-16% in different countries and affecting 300 million people worldwide 2 .
Asthma has, until recently, been viewed as a homogeneous condition and management has been applied in a "one size fits all" approach, using symptoms and measures of lung function to titrate therapy. However, recently it has become clear that our current classification system overgeneralizes a complex and heterogeneous mix of pathophysiologically distinct mechanisms (often known as endotypes) responsible for morbidity in patients with a label of asthma and results in treatment that is poorly targeted [3] [4] [5] [6] [7] . There is increasing interest in a new approach to stratification, which recognizes the clinical and biological complexity of airway disease and is clinically operationalized by treating, in a targeted fashion, components that can be recognized and modified (treatable traits) 8 . This approach paves the way for more personalized, efficient, and safe use of existing therapy. In this review we discuss the main drivers for a change in our management approach; suggest how a new targeted approach might be used in practise; and review evidence that this new personalized approach results in better patient outcomes and has been instrumental in the encouraging recent progress in new drug discovery.
WHY CHANGE?
Our current "one size fits all" approach to asthma management was formulated and adopted clinically following the publication of the first asthma guidelines 26 years ago [9] [10] [11] . The key message -earlier and more aggressive use of inhaled corticosteroids-was strikingly effective and hospital admission rates and deaths from asthma halved in many developed countries over the next 10-15 years 2 . However, it is of concern that these outcomes have not improved much over the last 10 years, despite increased spending on treatment 2 . Asthma attacks still result in around 1,200 deaths every year in the UK, and the majority are the result of basic errors in asthma management and are thus readily preventable 12 . It is hard to escape the conclusion that this reflects poor targeting of treatment and/or an inability to sell the concept of prophylactic treatment to patients.
One potential explanation for stalling of improvements in outcome despite increased medication use is diagnostic imprecision. The diagnosis of asthma relies on the demonstration of variable airflow limitation. Airflow limitation can be measured by spirometry or peak flow meters, the latter being suitable for use at home and demonstrating variability over time. However, a large number of patients have acquired a label of "asthma" without
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Gareth Hynes et al.: Practising Personalized Medicine in Asthma any objective confirmation of variable airflow limitation 13, 14 . This may be because there is no agreed definition of abnormal variability in airflow limitation. In addition, tests that are available are insufficiently sensitive to rule out the condition 15 and can be difficult to carry out correctly in non-specialist settings, increasing the possibility of diagnostic error 16 . These factors have resulted in a pragmatic "trial of treatment" approach to diagnosis, which may have resulted in a large number of patients with transient, benign symptoms acquiring a label of asthma.
One key assumption made when adopting our current approach to management of asthma is that symptoms and abnormalities of airway function are directly and causally linked to eosinophilic airway inflammation. This is the basis for the step-wise symptomguided increases in corticosteroid use recommended by current guidelines 1 . New insights gained from the widespread use of noninvasive measures of airway inflammation have shown that this assumption is incorrect [3] [4] [5] [6] [7] . For example, eosinophilic airway inflammation, hitherto regarded as a defining characteristic of asthma, is in fact present in only 40-50% of patients, and its presence is not strongly associated with traditional measures including lung function and symptom scores 3, 17 . Moreover, the same pattern of airway inflammation can be identified in patients with COPD 18 and chronic cough 19 , conditions that are seen as distinct and are managed differently. The presence of eosinophilic airway inflammation is associated with the risk of attacks and the likely benefit of corticosteroid treatment 3, 4 , so misclassification of pathology on the basis of our current classification system could be associated with suboptimal targeting of this treatment and outcomes that are worse than they could be.
There are additional practical difficulties in discriminating patients with asthma and a degree of fixed airflow limitation from those with COPD. This is an important consideration as current guideline-based strategies for use of inhaled corticosteroids differ markedly, with early use advocated for the former and late, risk-directed use advocated for the latter 1, 20 . Traditionally, these conditions are discriminated on the basis of demographics (atopy, smoking history, age of onset of symptoms) and the presence or absence of variable airflow limitation. However, there is no evidence that these characteristics are linked to the presence of eosinophilic airway inflammation and thus the risk of preventable exacerbations 5, 21 . The current approach therefore has the potential to lead to inappropriate use of our most effective risk reduction strategy. Only a minority of patients with a diagnosis of asthma or COPD in the community have classic features as set out in guidelines and required for participation in the key clinical trials that have informed these guidelines 22, 23 . These trials are therefore poorly generalizable to the wider population with airway disease.
We suggest that 26 years after the introduction of guidelines, we have reached a turning point where the clinical community needs to decide if our current approach (more inhaled corticosteroids in more lungs) has delivered all it can, and whether we need to adopt an alternative, precision-based strategy predicated on a more detailed analysis of the mechanisms driving asthma outcomes (more inhaled corticosteroids in the right lungs). predominant or multiple traits at the same time and, with further pressure from changing environmental stimuli, aging or other developing comorbidities, could also have different traits at different times. The identification of these treatable traits should therefore be based on an iterative process involving repeated observations and measurements. The concepts could be extrapolated to aid in management of episodes of exacerbations of airway diseases 30 .
The approach need not add to the complexity of management of airway diseases as it could be adapted to different levels of care. For example, in primary care the focus could be on the two major treatable traits in patients with airway disease: eosinophilic airway inflammation and airflow limitation. The management algorithm would look similar to that suggested in the GOLD treatment pathway 20 , with the crucial difference that the focus will be on risk of exacerbations as a result of eosinophilic airway inflammation and day-to-day symptoms due to airflow limitation ( Fig. 1 ). Using this approach, a patient with few symptoms but high markers of eosinophilic inflammation would appropriately be escalated to high-dose steroid treatment to minimize their exacerbation risk, whereas the patient with many symptoms but no inflammation would receive bronchodilators to improve symptoms but avoid corticosteroids which have been shown to be associated with pneumonia in this group 31 . This would result in more personalized and potentially more effective treatment, but would also highlight cases where neither pathway is active early on in the diagnostic process rather than after many months of fruitless asthma treatment. Two immediately obvious scenarios are the patient with symptoms not due to airflow limitation and
PERSONALIZED MANAGEMENT OF AIRWAYS DISEASE
We advocate breaking down the umbrella term "asthma" into its component parts, which in some cases might mean well-defined endotypes and in others more complex, less differentiated aspects. The identification and use of biomarkers that reflect underlying disease pathways is crucial to this process. Treatments can then be targeted to the pathways that are active and relevant to the individual patient. This approach requires recognizing traits that are identifiable and treatable. One example is eosinophilic airways inflammation, a readily identifiable and treatable trait. This approach requires us to accept that symptoms are not due to one process, and will not be amenable to one treatment paradigm. We strongly believe that this "label-free" personalized approach can be applicable and adaptable to all patients with airway disease in both primary and secondary care. Table 1 lists some potential treatable traits. These traits vary in how easily they can be detected and their response to targeted treatments. Eosinophilic airway inflammation and variable airflow limitation due to bronchial hyperresponsiveness are both highly recognizable and treatable traits, with corticosteroid and anti-interleukin-5 (IL-5) treatment being very effective for the former [24] [25] [26] and bronchodilator treatment for the latter [27] [28] [29] . Bronchiectasis, however, is also very recognizable, but the interventions and treatments for it have varying efficacy on asthma outcomes. Other traits, such as vocal cord dysfunction, can be harder to recognize, but do have effective treatment options once they are identified. These traits are not static as patients could have a single 
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DOES PERSONALIZED MANAGEMENT RESULT IN BETTER OUTCOMES?
Early studies investigating personalized management have been mostly of the proof-ofconcept type and have focused on the use of induced sputum eosinophil counts to personalize corticosteroid treatment in place of traditional clinical measures of symptoms and lung function. By and large, these studies have shown better patient outcomes and more economical use of treatment, irrespective of the patient group or context in which personalized treatment is given. Green et al. 4 compared induced sputum-guided use of corticosteroid treatment with traditional guideline-based management in patients with severe asthma. Inflammation-guided management resulted in better control of eosinophilic airway inflammation over the 12-month study and a 67% reduction in the number of severe asthma (Fig. 2) . Interestingly, while severe exacerbations, hospitalizations, and sputum eosinophil counts were markedly reduced, inhaled beta-2 agonist use was unchanged across both groups, reflecting the disconnect between asthma symptoms and exacerbation risk. Improved outcomes occurred with no overall increase in corticosteroid use, indicating better targeting of treatment with the personalized approach. Similar findings were reported by Jayaram et al. 32 in a population with less severe asthma, and by Siva et al. 33 in patients with COPD. In the former study, the benefits of personalized, inflammation-targeted treatment was most obvious in patients with more severe asthma, a finding that could be explained by greater discordance between symptoms and eosinophilic airway inflammation in this population 34 .
Other more clinically accessible measures of eosinophilic airway inflammation have also been used as biomarkers to direct corticosteroid treatment. Exhaled nitric oxide (FeNO) is particularly attractive for this purpose as the test is easy to do and it provides an immediate result. The FeNO is increased in patients with eosinophilic airway inflammation as a result of IL-13-mediated induction of inducible nitric oxide synthase in the airway epithelium 35 . It is an excellent biomarker of response to inhaled corticosteroids 36 , anti-IL-13 37 , and anti-IgE 38 . Studies using FeNO to personalize asthma management have produced more mixed findings, probably because the populations, cut points for up and down titration of inhaled steroids, and management protocols have been suboptimal 39 . Despite this, there is consistent evidence that FeNO-guided management results in fewer asthma exacerbations 40, 41 with potentially less treatment 42 . The best study was carried out in pregnant women with asthma and showed striking benefits, including a 60% reduction in asthma exacerbations during pregnancy, improved perinatal outcomes, and lower overall use of inhaled corticosteroids 43 .
The relationship between FeNO and eosinophilic airway inflammation is lost in current smokers 44 , suggesting that this technique will have less value in patients with COPD. However, the peripheral blood eosinophil count has emerged as an excellent marker of eosinophilic airway inflammation 45 , the risk of exacerbations 21 , and the likely benefit of inhaled corticosteroids 21 in this population. Retrospective analyses of large phase III trials of inhaled corticosteroids in patients with moderate and severe COPD have shown that the benefit of inhaled corticosteroids added to long-acting beta agonists 21, 46, 47 or alone 48 on exacerbation numbers and decline in lung function are confined to patients with a blood eosinophil count > 2%. The use of the blood eosinophil count to facilitate personalized management in patients with asthma has not yet been explored extensively, but there is compelling evidence that it is a prognostic marker 26, 49 and is associated with a positive response to anti-IL-5 26, 50 .
There has been less progress in more complex trials assessing the full extent to the personalized approach to management we advocate. McDonald et al. 51 assessed a more ambitious approach based around three elements: inflammometry, multidimensional assessment to identify therapeutic targets, and case management to design and implement an individualized treatment programme. This tailored approach to treatment involved a multifaceted inflammometry intervention for airway diseases based on targeting eosinophilic inflammation, noneosinophilic pathways, and systemic inflammation. It was associated with preliminary evidence of more effective and economic use of currently available treatments in patients with COPD.
A personalized approach to airways disease will be essential if we are to make the most of the opportunities presented by the new biological era. Such an approach has been instrumental in the discovery of efficacy and is likely to be necessary for new drug discovery. We suggest that the shortcomings of our current approach to classification of airway diseases and the incorrect assumptions that are made when applying diagnostic labels are illustrated most compellingly by failures in new drug discovery over the last 60 years. A Medical Research Council study in 1956 of oral corticosteroids in asthma 52 showed no benefit over bronchodilator treatment. This was a surprise to Dr Morrow Brown who had observed striking improvements in some of his patients. He conducted a further trial of oral corticosteroids in asthma in 1958 and found clear efficacy in patients with eosinophils in their sputum, but none in those without this feature 53 .
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Another near miss is the case of the anti-IL-5 monoclonal antibody treatment, mepolizumab. Two of the earlier trials of mepolizumab showed that it dramatically reduced the blood and sputum eosinophil count in patients with asthma, but did not improve airway responsiveness, lung function, or quality of life 54, 55 . The disappointing clinical effect of treatment led many to question whether eosinophilic inflammation played as important a role in asthma. However, other potential explanations for the observed lack of clinical efficacy was that the drug was being used in patients who did not have active eosinophilic inflammation, and that the trials were looking at the wrong outcomes. Patients with active eosinophilic disease are at risk of exacerbations and this increased risk is relatively independent of symptoms or decreased lung function 4 . It follows that reducing the amount of eosinophilic inflammation may not improve symptoms as much as exacerbation rate. This change in thinking led to the design and development of appropriate trials, in the right subjects, looking at the most responsive clinical outcomes resulting in the demonstration of dramatic improvements in exacerbation rates in subjects with eosinophilic asthma who are treated with mepolizumab 56, 57 .
CONCLUSION
Our current approach to classification of airways disease is, we believe, no longer fit for purpose. It is impractical, overgeneralizes complex and heterogeneous conditions, and results in management that is imprecise and outcomes that are worse than they could be. Importantly, the assumptions we make when applying a diagnostic label have impeded new drug discovery and will continue to do so unless we change our approach. We suggest a new mechanism-based approach to airways disease classification and management where the emphasis is on identification of key causal mechanisms and targeted personalized intervention with treatment based on uncovering the relevant mechanism rather than an arbitrary label. We highlight two key treatable traits and suggest how they can be identified and managed in a personalized way, even in non-specialist healthcare settings. There are likely to be many more whose identification will follow once we remove the constraints imposed by our current out-dated classification system.
